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LEAD FRAME ASSEMBLIES WITH VOLTAGE REFERENCE PLANE 
AND IC PACKAGES INCLUDING SAME 


BACKGROUND OF THE INVENTION 
[0001] Cross Reference to Related Applications : This application is continuation of 
application Serial No. 09/318,019, filed May 25, 1999, pending, which is a divisional of 
application Serial No. 08/888,336, filed July 2, 1997, now U.S. Patent 5,955,777 which issued 
September 21, 1999. 

[0002] Field of the Invention : The present invention relates to integrated circuit 
packages employing voltage reference planes and, more specifically, to integrated circuit packages 
disposing a ground plane or other voltage reference plane in close, substantially coextensive 
relationship with leads of a lead frame connected to a semiconductor die bearing an integrated 
circuit. 

[0003] State of the Art : There is a continued trend in the computer industry toward 
ever-higher speed integrated circuit (IC) assemblies based upon semiconductor die technology. 
Such high signal speeds, however, lack utility unless accompanied by suppression of system noise 
to an acceptable level. The trend toward lower operational signal voltages in combination with 
such high speeds exacerbates noise problems. 

[0004] At state-of-the art operational speeds, signal propagation delays, switching noise, 
and crosstalk between signal conductors resulting from mutual inductance and self inductance 
phenomena of the conductive paths all become significant to signal degradation. Mutual 
inductance results from an interaction between magnetic fields created by signal currents flowing 
to and from a lead frame-mounted, packaged IC die through the leads or "lead fingers," while self 
inductance results from the interaction of the foregoing fields with magnetic fields created by 
oppositely-directed currents flowing to and from ground. 

[0005] Therefore, the integrated circuits carried on a semiconductor die would ideally be 
electrically connected to conductive traces on carrier substrates such as printed circuit boards and 
thus to other integrated circuits carried on the same or other such substrates by infinitesimally 
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short conductors, eliminating impedance problems such as undesirable inductance and other 
conductor-induced system noise. 

[0006] As a practical matter, however, as the capacity and speed of many integrated 
circuit devices such as dynamic random access memories (DRAMs) have increased, the number of 
inputs and outputs (I/Os) to each die has increased, requiring more numerous and complex 
external connections thereto, and, in some instances, requiring undesirably long lead frame lead 
fingers to place the inner lead ends in contact with, or in close proximity to, the bond pads serving 
as 1/0$ for the typical die. 

[0007] While lead inductance in IC packages has not traditionally been troublesome 
because slow signal frequencies of past devices render such inductance relatively insignificant, 
faster and ever-increasing signal frequencies of state-of-the-art electronic systems have 
substantially increased the practical significance of lead inductance. For example, at such faster 
signal frequencies, performance of IC dice using lead frames for external electrical connection is 
slower than desirable because the inductance associated with the lead fingers slows changes in 
signal currents through the leads, prolonging signal propagation through the leads. Further, 
digital signals propagating along the lead fingers are dispersing or "spreading out" because the so- 
called "Fourier" components of various frequencies making up the digital signals propagate 
through the inductance associated with the lead fingers at different speeds, causing the signal 
components, and thus the signals themselves, to disperse along the lead fingers. While mild 
dispersion merely widens the digital signals without detrimental effect, severe dispersion can make 
the digital signals unrecognizable upon receipt. In addition, so-called "reflection" signals 
propagating along the lead fingers as a result of impedance mismatches between the lead fingers 
and associated IC die or between the lead fingers and external circuitry, caused in part by lead- 
associated inductance, can distort normal signals propagating along the lead fingers concurrently 
with the reflection signals. Further, magnetic fields created by signal currents propagating 
through the lead-associated inductance can induce currents in adjacent lead fingers, causing so- 
called "crosstalk" noise on the latter. While these various effects might be troublesome in any 
electronic system, the aforementioned trend toward lower voltage systems (currently 3.3 volts) 
and away from the traditional 5.0 volt systems increases their visibility and significance. 
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[0008] Certain currently-popular die and package configurations serve to exacerbate the 
noise problems by favoring a large plurality of laterally adjacent lead fingers of substantial length. 
For example, so-called lead-over-chip (LOC) configurations typically place the bond pads of a die 
in one or two rows extending along the longitudinal axis of the die. To accommodate the 
centralized bond pad location for wire-bonding and at the same time eliminate the need for a 
conventional die-attach paddle as a physical die support, LOC lead frames have been developed 
which employ lead fingers extending from the sides of the die and over the active surface into 
close proximity with the bond pad row or rows. The die is then supported from the undersides of 
the extending lead fingers, typically through an intervening polyimide film such as a Kapton™ 
tape having an adhesive coating on its upper and lower surfaces, the film serving as a dielectric, an 
alpha barrier and a protective coating for the active surface. 

[0009] While a mechanically desirable packaging concept, the LOC-type long, mutually 
parallel lead finger runs over the active surface become abusive in terms of unacceptably 
increasing real impedance as well as lead inductance (both self and mutual) in the circuit. These 
lead finger runs also increase signal reflection in the circuit due to transmission line effects and 
degrade signal integrity due to the aforementioned propagation delays, switching noise, and 
crosstalk. Further, elimination of the die-attach paddle also eliminates the potential for employing 
a ground plane under the die without additional processing steps, and such a ground plane in any 
case would not alleviate the problems attendant to use of the long lead fingers extending over the 
die's active surface. 

[0010] LOC configurations are merely one example of the type of packaging promoting 
the above-referenced undesirable noise phenomena. However, the same undesirable 
characteristics may be experienced with other lead frame configurations employing extended lead 
fingers, particularly large groups of such lead fingers in close mutual proximity. Such 
configurations include lead-under-chip (LUC) configurations, and configurations wherein a large 
number of leads extend from several sides of a semiconductor die to a single side or edge of a 
package, such as in a vertical surface mount package, or VSMP. 

[0011] Packages have previously been configured in an attempt to reduce package noise 
of the type described above. For example, U.S. Patent 5,214,845, assigned to the assignee of the 
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present invention, employs a flexible, laminated sandwich assembly of an outer ground plane and 
an outer power plane dielectrically isolated from a series of conductive traces running 
therebetween. The traces and planes are connected to corresponding bond pads on the die at one 
end, and to lead fingers on the other, as by thermocompression bonding (in the case of a TAB 
embodiment) or by wire bonds. Such an arrangement obviously doubles the number of required 
I/O connections, necessitating additional fabrication time and increasing the possibility of a faulty 
connection. Further, the flexible sandwich assembly constitutes an additional element of the 
package, increasing material cost. 

[0012] Another approach to the problem is disclosed in U.S. Patent 5,559,306, wherein 
metal plates are employed above and below leads extending to the exterior of plastic and ceramic 
packages to effect reduction of self and mutual inductance. However, such configurations as 
disclosed appear to require relatively complex fabrication techniques to locate and fix the plates 
relative to the die and lead fingers or other conductors for subsequent transfer molding of a filled- 
polymer package thereabout, while the ceramic package embodiment is not cost-effective for 
high-volume, commercial packaging. 

[0013] Accordingly, the inventors have recognized the need for a low-cost, reduced- 
inductance circuit configuration adaptable to current packaging designs and employing 
conventional and readily-available materials, equipment and fabrication techniques. 

SUMMARY OF THE INVENTION 
[0014] The present invention comprises a packaged semiconductor device wherein 
inductance and impedance of a group of adjacent, substantially co-planar lead fingers are reduced, 
and reflection and signal integrity improved, through the use of at least one voltage reference 
plane element in close, overlapping or superimposed proximity to the plane of the leads. While in 
many, if not most, instances the voltage potential will be connected to ground, or V ss , it is 
contemplated that there are some applications where another reference potential may be employed 
with the plane element. Accordingly, the term "voltage reference plane" or "voltage reference 
plane element" as used herein is intended to encompass a plane or plane element connected to 
ground as well as a plane connected to another reference potential. 
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[0015] The semiconductor device of the present invention is especially suitable for so- 
called "plastic" packaging, such process comprising the transfer-molding of a particle-filled 
polymer about an assembled and electrically-connected die and lead frame. 

[0016] In a preferred embodiment, the voltage reference plane element comprises a foil, 
sheet or plate of a high-conductivity, low-resistivity material, such as copper or an alloy thereof, 
adhered to the lead finger group through a dielectric, or electrically insulating material. The lead 
finger group, in turn, may be adhered to a surface of the die (in an LOC or LUC lead frame 
configuration). Alternatively, the lead finger group may lie outboard of the die periphery with the 
die being mounted on a die-attach paddle in a more conventional lead frame configuration which 
may, nonetheless, as in the case of a VSMP lead frame, contain one or more large groups of 
excessively long lead fingers. 

[0017] The voltage reference plane of the present invention, in all of its variations, 
reduces the self inductance associated with closely-adjacent, elongated lead fingers by reducing 
the magnetic flux caused by oppositely directed currents flowing in the lead fingers and ground. 
The voltage reference plane reduces the self inductance through an increase in effective width and 
a decrease in the distance between the voltage reference plane and the lead fingers. Similarly, the 
immediate proximity of the voltage reference plane to the closely laterally adjacent lead fingers of 
a lead frame exhibiting troublesome inductance characteristics reduces mutual inductance by 
interruption of the magnetic fields generated by adjacent lead fingers and thus the effects of their 
interaction. Thus, the effect of the voltage reference plane of the present invention can be 
adjusted by varying its size and shape, its distance from the lead fingers, or a combination thereof 

[0018] The voltage reference plane arrangement of the invention also provides at least a 
nominal heat sink effect to the semiconductor device as encased in a transfer-molded plastic 
package, promoting more even distribution of heat generated during operation of the 
semiconductor die than might be achieved through the lead fingers alone. The heat sink effect 
may, of course, be enhanced by increasing the mass of the voltage reference plane, as by 
enhancing its thickness within the constraints of the package dimensions, or of configuring the 
plane with one or more portions extending to the exterior of the plastic package. While this latter 
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approach may render the device more susceptible to external radio frequency interference, such an 
arrangement may be shielded, if necessary, by techniques known in the art. 

[0019] A further advantage of the present invention resides in the mechanical support 
and protection provided the lead fingers of the lead frame by the voltage reference plane(s). To 
elaborate and by way of example only, a strip of conventional lead frames exposes the inner, 
unsupported ends of the lead fingers to substantial risk of bending and other damage during 
transport, handling and fabrication steps prior to transfer molding. By adhesively bonding a TAB- 
type metal foil and polyimide (for example, Kapton™ film) laminate voltage reference plane 
element to each group of lead fingers (for example, one voltage reference plane element running 
transversely across each of two facing groups of lead fingers in an LOC-type frame), the lead 
fingers are locationally fixed and protected to some extent from damage prior to affixation of the 
dice to the lead frame strip. 

[0020] Should the device to be fabricated comprise an LOC device, conventional 
polyimide or other dielectric tape or film strips may be adhered to the side of the lead fingers 
opposite to the voltage reference plane elements, and the dice subsequently adhered to the tape 
strips by their active surfaces as known in the art prior to electrical connection of the dice and 
lead frames. The voltage reference plane element(s) may be electrically connected to the ground 
(V ss ) (or, as noted above, other suitable potential) pin of the lead frame by wire bond, spot weld 
or other thermocompression-type bond, conductive epoxy, a Z-axis adhesive element, or other 
technique known in the art, the specific connection technique employed being largely a function of 
convenience and the technique to be employed for connecting the bond pads of the dice to the 
lead fingers. 

[0021] It will be recognized and appreciated by those of skill in the art that the voltage 
reference plane elements according to the present invention may be employed as an enhancement 
to any conventional plastic package design having adequate depth between the lead fingers and 
the exterior surface of the package. 

[0022] While it is preferred that the voltage plane elements be placed over the lead 
fingers for ease of effecting a plane-to-V ss or other pin connection, it is also contemplated that in 
some instances, it may be desirable to place the voltage reference plane elements under the lead 
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fingers, such as between the lead fingers and the surface of the die in an LOC or LUC 
arrangement, or merely under the leads in a conventional die-attach paddle lead frame 
configuration. In the latter instance, more package clearance (depth) for the voltage reference 
plane elements may exist under the lead fingers than over. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0023] FIG. 1 comprises a top elevation of a VSMP-configured die and lead frame 
package assembly employing voltage reference plane elements according to the present invention; 

[0024] FIGS. 1 A and IB are enlarged side views of the assembly of FIG. 1, depicting 
alternative lead finger-to-voltage reference-plane connections; 

[0025] FIG. 2 comprises a side elevation of an LOC-configured die and lead frame 
assembly employing voltage reference plane elements according to the present invention; 

[0026] FIG. 3 comprises an enlarged side elevation of a portion of an LOC-configured 
die and lead frame assembly as depicted in FIG. 2, but employing a voltage reference plane 
element modified to provide enhanced heat transfer and distribution capabilities; and 

[0027] FIG. 4 comprises a side elevation of two superimposed voltage reference planes 
in combination with an associated lead frame and semiconductor die. 

DETAILED DESCRIPTION OF THE INVENTION 
[0028] FIG. 1 shows a semiconductor die, also termed an "IC die," 100 according to the 
present invention, mounted to a lead frame 102 in a vertical surface mount package (VSMP) 
configuration, wherein all of the lead fingers 104 of lead frame 102 are configured to exit the 
package for external connection along a single side or edge 106 of the package 108, an outline of 
the package boundary being shown at line 110. Package 108 preferably comprises a so-called 
"plastic" package comprising a transfer-molded, filled polymer compound, as known in the art. 
However, alternative packaging such as preformed ceramic packages and potted encapsulants 
may also be used in the present invention. 

[0029] As shown, lead frame 102 further includes a die-attach paddle 1 12, to which the 
back side of die 100 is secured as with a eutectic solder or an epoxy adhesive, as known in the art. 
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The adhering material is preferably heat-conductive to aid in heat distribution and transfer of the 
die to paddle 112. Extensions 114 from die-attach paddle 112 formerly extended to the outer, 
supporting structure of a lead frame strip from which lead frame 102 was severed after transfer 
molding in a conventional trim and form operation. 

[0030] Bond pads 120 on the active surface 122 of die 100 are connected to lead 
fingers 104 of lead frame 102 by wire bonds 124 to pass signals between the integrated circuitry 
of die 100 and external circuitry (not shown) such as conductive traces on a carrier substrate (i.e., 
a printed circuit board), other dice carried on and electrically connected to the carrier substrate, 
and other conductors and active and passive components packaged in the same or a higher level. 
It should be understood, however, that the present invention is not limited to wire-bonded 
connections, and that device assemblies using direct thermocompression bonding of lead fingers 
to bond pads, or using flex-circuit type connections between bond pads and lead fingers using 
conductors in a preformed pattern carried on a thin dielectric (termed "TAB" connections, for 
tape automated bonding), may also benefit from the present invention. 

[0031] As shown, the central group 140 of lead fingers 104 extending between the 
side 126 of die 100 lying closest to package edge 106 are extremely short, straight, mutually 
parallel and of uniform length, while those lead fingers 104 of flanking side groups 142 and 144 
extending between transverse sides 128 and 130 of die 100 and package edge 106 are of various 
lengths, and most of the lead fingers 104 of groups 142 and 144 curve as they make a 90 degree 
turn from respective orientations perpendicular to die edges 128 and 130 to one perpendicular to 
package side 106 as they exit the latter. 

[0032] Voltage reference planes 150 and 152 are superimposed on substantially all of 
the lead fingers 104 of groups 142 and 144. Voltage reference planes 150 and 152 preferably 
comprise a low resistivity, high conductivity sheet of material such as copper or gold, although 
copper is preferred from a cost standpoint. Voltage reference planes 150 and 152 are adhered to 
the lead fingers 104 of groups 142 and 144 by an intervening adhesive dielectric or insulating 
structure 148 (see FIGS. 1 A and IB), which preferably comprises a polyimide tape or film 148 
(see FIGS. 1 A and IB) such as Kapton™ film carrying an adhesive on both surfaces thereof. 
Voltage reference planes 150 and 152 may be electrically connected to ground (VJ pins or lead 
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fingers 104 of lead frame 102 by suitable means such as a spot weld or other thermocompression 
bond 160 through dielectric 148 as shown in enlarged side view in FIG. 1A, or through a 
conductive epoxy or Z-axis conductor adhesive element 162 extending through an aperture in 
dielectric 148 as shown in enlarged side view in FIG. IB. Alternatively, and as shown in FIG. 2, 
the electrical connection may be made by a wire bond. As noted previously, in lieu of being 
connected to ground (VJ, voltage reference planes may be connected to another DC potential, 
such as a V^ used for signaling purposes, or even power (VJ. In some high speed DRAM 
applications, V ref is used for signaling purposes, and may be a particularly suitable non-ground 
potential. 

[0033] Voltage reference planes 150 and 152 may be of any suitable thickness within the 
limitations imposed by package depth, and are preferably secured to lead fingers 104 of lead 
frame 102 when in strip form with other identical lead frames of the strip prior to attachment 
thereto of dice, and are most preferably applied to the lead frame strip during fabrication of the 
latter. This most preferred approach affords the added benefit of protecting the free, unsupported 
ends of lead fingers 104 of the lead frame 102 during transit and handling, and ensures precise 
alignment thereof during bond pad-to-lead finger wire bonding after die attach. Toward that end, 
and as shown in broken lines, voltage reference planes 150 and 152 may in fact comprise elements 
of a single voltage reference plane, joined by intervening neck 154 extending over and adhered to 
lead fingers 104 of central group 140. This approach also simplifies handling and application of 
the voltage reference plane elements, fixes the lead fingers 104 of central group 140 in place, 
reduces the number of parts handled and alignments required, and requires but a single connection 
for both "sides" of the voltage reference planes of the assembly. Voltage reference planes 150 
and 152, whether discrete or connected as parts or elements of a single voltage reference plane 
through neck 154, control the long-lead impedance of the extended, varying length lead fingers of 
side groups 142 and 144 and alleviate the aforementioned detrimental effects of such 
configurations by lowering inductance, improving reflection and providing better signal integrity. 
Signal integrity through the short lead fingers 104 of central group 140 also benefits from the 
presence of voltage reference plane neck 154, but obviously to a lesser extent than the elongated, 
non-uniform-length lead fingers 104 of side groups 142 and 144. 
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[0034] As depicted in FIG. 1, die 100 comprises a 64 megabit VSMP-configured, sixty- 
six (66) lead dynamic random access memory (DRAM), although the invention is not limited to 
the package configuration shown and described, or to a DRAM or other memory die (including 
without limitation SDRAMS, RDRAMS, SLDRAMS, SGRAMS, SRAMS, EEPROMS and flash 
memory), the invention also having utility with regard to processors and application-specific 
integrated circuits (ASICs). 

[0035] Referring to FIG. 2 of the drawings, lead fingers 204 of lead frame 202 of the 
previously-described LOC configuration extend over the active surface 222 of die 200, being 
adhered thereto by a dielectric tape 223 such as the aforementioned Kapton™ type having an 
adhesive on each side thereof. Wire bonds 224 extend between bond pads 220 disposed in a 
central longitudinal row on active surface 222 and inner ends of lead fingers 204. Voltage 
reference plane 250, which in this instance comprises a frame-like structure having two elongated 
parallel sections or elements 252 joined at their ends by mutually transverse sections 254 (one 
shown in broken lines), are adhered to the exposed upper surfaces of lead fingers 204 by an 
insulating or dielectric material 248, such as a non-conductive epoxy. Alternatively, another layer 
of polyimide or other dielectric tape or film having an adhesive on each side thereof may be used 
to adhere voltage reference plane 250 to the tops of lead fingers 204 while mutually electrically 
insulating the elements. As shown in FIG. 2, voltage reference plane 250 may be of substantial 
depth or thickness in comparison to the total depth of transfer-molded plastic package 208, the 
large mass of voltage reference plane 250 acting as a heat sink to promote heat transfer from 
die 200 in operation. Also notable in FIG. 2 is the wire bond 260 extending between a ground 
(V J or other reference potential pin lead finger 204 and voltage reference plane 250, whereby 
voltage reference plane 250 is electrically connected thereto. 

[0036] If desired, or required by excessive heat output from a particular die, as shown in 
FIG. 3, a voltage reference plane 250 of the present invention may be configured with additional 
mass in the form of fins or other projections 270 opposite exemplary lead fingers 204 attached 
thereto through dielectric 248 and extending transversely to the voltage reference plane, and such 
projections 270 may even extend to the exterior of the filled polymer material of the package 208 
surrounding a die as shown in broken lines 272. Other mass-increasing configurations are, of 
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course, possible and limited only by the available interior space of the package and the need to 
maintain the electrical performance of the packaged device. The approach of extending a portion 
of the voltage reference plane to the exterior of the package may, of course, render the device 
susceptible to external radio frequency interference. However, shielding techniques are known in 
the art, and may be employed if necessary with a package so configured. 

[0037] As shown in FIG. 4 of the drawings, voltage reference planes 300 and 302 
according to the invention may also be disposed in a "sandwich" configuration, with an 
intervening dielectric 304 and in close proximity to lead fingers 306 and insulated therefrom by 
dielectric 308. The electrical field interaction between the two planes 300 and 302 creates a 
decoupling capacitance of one reference relative to the other, benefitting the electrical 
performance of the integrated circuitry carried by the associated die 310. 

[0038] The voltage reference planes of the present invention are preferably sized, 
configured and shaped to extend over a substantial portion of the lead fingers contained within the 
package surrounding the semiconductor die, and located in as close a proximity as practicable 
while maintaining the ground plane electrically isolated from the adjacent lead fingers. By its 
position in close, immediate proximity to the lead fingers, the voltage reference plane magnetically 
couples thereto to reduce the self and mutual inductance associated with the lead fingers. 

[0039] To maximize the benefit of the invention during implementation thereof, an 
attempt should be made to maximize the coverage of the voltage reference plane or planes over 
the surface area, and actually beyond the surface area, endompassed by the lead fingers. It may 
be preferable, to obtain a minimum beneficial effect from the invention, to provide a voltage 
reference plane which provides coverage of at least about fifty percent (50%) of the associated 
lead finger group's surface area (measured in the major plane of the lead frame), although forty 
percent (40%) coverage might provide a modest improvement, given the low implementation cost 
of the invention. The lead finger surface area coverage by the voltage reference plane or planes 
would, in normal practice of the invention, be measured with regard to the lead finger portions 
contained inside a package, and not the entire lead finger lengths. It is further desirable, if 
possible, to extend the plane or planes laterally beyond the sides of the end lead fingers of a 
group, since the electrical field lines tend to be radial. It is also noteworthy that the voltage 
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reference planes of the invention also provide a modest improvement to electromagnetic 
interference (EMI) shielding. Finally, as those of ordinary skill in the art will appreciate, the 
beneficial effect of the invention also is dependent upon the distance between a voltage reference 
plane and its associated leads, as well as the material chosen for the dielectric. 

[0040] As a matter of practical and effective implementation of the present invention, 
there are several factors to be accommodated. First, if the lead fingers are to be wire-bonded to 
the die bond pads, the voltage reference plane edge should terminate short of the inner end of 
each lead finger, so as to provide adequate clearance for the wire-bonding capillary at the desired 
lead finger bond site. Additionally, the transverse distance or space between the voltage reference 
plane and lead fingers should be minimized, in order to maximize the beneficial effects of the 
invention. Finally, coverage of the lead fingers by the voltage reference plane should be 
maximized, but the periphery of the plane should be contained within the material of the package 
surrounding the die and lead frame combination, with enough space or clearance between the 
edges of the plane and the exterior of the package so that package integrity and reliability is not 
affected. 

[0041] While the invention has been disclosed in terms of specific, exemplary illustrated 
embodiments, those of ordinary skill in the art will appreciate that additions, deletions and 
modifications to the disclosed embodiments may be made without departing from the scope of the 
invention as hereinafter claimed. 
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